The radiolabelled muscarinic acetylcholine receptor antagonist quinuclidinyl benzilate (QNB) has been employed to investigate putative muscarinic receptors in the central nervous system (CNS) of several insect species. Binding studies have revealed a single high-affinity site with a distinctly muscarinic pharmacological profile in membrane fractions isolated from Drosophila melanogaster (Dudai & BenBarak, 1977) , Musca dornestica (Jones & Sumikawa, 1981) , Periplaneta americana (Lummis & Sattelle, 1985) and Locusta migratoria (Breer, 198 1) . In Schistocerca gregaria, a low-and high-affinity QNB binding site was found (Aguilar & Lunt, 1984) .
In the insect CNS, a functional role for the muscarinic receptor has not been clearly established. In vertebrate CNS, biochemical signals associated with muscarinic receptor include ion fluxes, a change in cyclic GMP levels, an increase in phosphatidylinositol turnover and the inhibition of adenylate cyclase activity (Hoss & Ellis, 1985) . An interesting property of the muscarinic receptor is the regulation of ligand binding by guanine nucleotides (Ehlert et al., 1983) which reflects the presence of a regulatory protein that binds GTP and mediates the coupling between receptors and the inhibition of adenylate cyclase (Jakobs, 1979) .
We have investigated the effect of guanine nucleotides on muscarinic agonist and antagonist binding in the locust supra-oesophageal ganglion.
To investigate the effect of guanine nucleotides on agonist binding, a P2 fraction was prepared from ganglia in 25 mMpotassium phosphate containing 1 mM-EGTA, 50 mM-NaC1 and 1 mM-MgC1, as described by Aguilar & Lunt (1984) . Samples (500pl) were incubated in the absence or presence of GTP or guanyl-5'-yl imidodiphosphate [Gpp(NH)p] (1 00 p~) for 30 min and then incubated with oxotremorine (10-3-10-7~) followed by [3H]QNB ( 4 n~) for 90min at 25°C. For antagonist binding studies, ganglia were prepared in 50 mM-potassium phosphate containing 1 mM-EGTA and 1 mM-MgC1,. Samples (500 pl) were treated with nucleotide and incubated with ['HIQNB (0.2-30 n~) as previously described for agonist binding and assayed by the method of Aguilar & Lunt (1984) .
In the presence of GTP and Gpp(NH)p, the ability of oxotremorine to inhibit ['HIQNB binding is decreased 3-fold (Fig. 1) . Scatchard analysis revealed a high-and In locust supra-oesophageal ganglia, the affinity of oxotremorine for the [3H]QNB-binding site is reduced 3-fold in the presence of GTP and Gpp(NH)p. A similar phenomenon is seen in rat forebrain but it is less marked than in peripheral tissues (Ehlert et al., 1983) .
In locust ganglia, the affinity of ['HIQNB for the highaffinity site is increased slightly by GTP and Gpp(NH)p. Guanine nucleotides increase the affinity of muscarinic antagonist binding in vertebrate tissues, but in brain the effect is less marked or absent in some regions (Ehlert et al., 1983) . In these respects, the muscarinic receptor from locust ganglia bears a greater resemblance to the central vertebrate receptor and may resemble the M, type (Hammer & Giachetti, 1982) . These receptors are regulated by an intrinsic membrane protein which binds GTP and have been shown to modulate the release of ['H]acetylcholine from presynaptic nerve terminals (Meyer & Otero, 1985) . A similar phenomenon has been observed in insect brain (Breer, 1982) , which indicates that muscarinic receptors in locust ganglia may have a similar role.
We are grateful to the S.E.R.C. for financial support Tissue samples (between 10 and 50pg of protein) were phosphorylated at 37' C in the presence of 50 mM-Hepes/ NaOH (pH 6.9), 5 mM-MgC12, ~c(M-[Y-'*P]ATP (25 pci), and various combinations of 0.5 mM-CaCI,, 0.5 mM-EGTA, 0 . 6 p~-C a M , and 0.1 mM-calmidazohm. The reaction was terminated after 20 s. Phosphoproteins were analysed by discontinuous SDS/polyacrylamide-gel electrophoresis and quantified by Cherenkov radiation counting of gel slices (essentially as described by Rubin & Rosen, 1973) .
In neurohypophyseal homogenates and CaM-depleted membranes (prepared by EGTA-treatment of the particulate fraction recovered after osmotic lysis of the homogenate) the addition of Ca2+ and CaM enhances basal phosphorylation by up to 400% (estimated by integration of peak areas). The addition of Ca2+ alone had little effect. The stimulatory effect of CaM was abolished by calmidazolium, a CaM antagonist (Van Belle, 1984) , or by EGTA. Several neurohypophyseal proteins were phosphorylated by CaM-PK, all of which were observed in the membrane fraction. The most prominent phosphoproteins had approximate M, of 50000, 52000, 55000 and 59000.
Although CaM is known to bind to neurosecretory granules (Olsen et d., 1983) , the function of this CaM remains obscure. One possible role for perigranular CaM could be to activate endogenous CaM-PK, consequently we have begun to investigate the phosphorylation of neurosecretory granules. Highly purified granules (assessed by biochemical and morphological examination) were prepared by differential and Percoll density gradient centrifugation. The granules were found to possess CaM-PK activity towards several endogenous substrates; in addition to those mentioned above, phosphoproteins of 75 000, 82 000 and 200 000 M, were identified.
Abbreviations used: CaM. cdlmodulin; CaM-PK, calmodulindependent protein kinase.
The Ca2+-dependence of the phosphorylation reaction was studied using a crude membrane fraction. The concentration of free calcium in the assay medium was controlled by the use of a CaZt/EGTA buffer system, and the total incorporation of phosphate into endogenous substrates was determined by trichloroacetic acid precipitation and Millipore filtration by the method of Davis & Clark (1983) . In the presence of 0.6pM-CaM, half-maximal phosphorylation required 0.32 C(M-free Ca2+. The CaM-dependence of the phosphorylation reaction was studied using CaM-depleted membranes. In the presence of 0.5 mM-Ca2+, half-maximal phosphorylation required between 0.1 and 0.3 ~M -C~M .
The Ca'+-and CaM-requirements of neurohypophyseal membrane phosphorylation are within the physiological range and it would appear that a rise in the intracellular Ca2+ concentration, such as that which is thought to result from membrane depolarization, could stimulate phosphorylation in vivo. The Ca"-and CaM-requirements of the reaction, and the M, values of the phosphoproteins involved, indicate that the dominant neurohypophyseal CaM-PK may be CaM-PKII; this enzyme is the major CaM-PK in several tissues including the brain (Manalan & Klee, 1984; Nairn pf al., 1985). The observation that CaM-PKII facilitates neurotransmitter release (Llinas et al., 1985) suggests that CaM-dependent membrane phosphorylation may regulate secretion from the neurohypophysis.
The apparently specific localization of the 75 000, 82 000 and 200 000 M, phosphoproteins to neurosecretory granules suggests that these proteins may be involved in specialized granule funtions, and could be involved in regulating the release process. Tsou & Greengard (1982) have demonstrated that in the intact neurohypophysis, secretory stimuli enhance the phosphorylation of certain proteins that are known to be associated with synaptic vesicles in other neurons. These proteins have similar M, values to some of the granule phosphoproteins reported here, and the phosphorylation of at least one of these molecules, synapsin 1 (80 OO(r86 000 Mr), is thought to modulate neurotransmitter release (Llinas rr al., 1985) .
Our results are consistent with the hypothesis that CaMdependent phosphorylation plays an important role in regulating secretion (Llinas et al., 1985) . To our knowledge the results presented here provide the first direct evidence for CaM-dependent phosphorylation in the neurohypophysis. or for any CaM-dependent enzyme activity associated with neurosecretory granules.
